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^3«^^- N ^sj-^ ^ ^*Hr Al3.nl-- 'Se]- ^S7l{Fractonal-N 

frequency synthesizer and sigma-delta modulator composing it} 

£ 1-8- «J«>3Sl MASH Bf«y 0} aIzlpV-^^. tf|^7lsl ^^1- £.Altb 

£ 5afe £ 3^1 £Al^ «i 2:71^1 ^7>5}- #-g- ^^Mdo- t^A] *V l}. 

£ 5b^r £ 3<^1 £Al^ ^S7l2l PLL SAlSV ^c]cf. 

£ 6-8r £ 3°fl J£A]£l ^2:71^1 2000711 oil tfltr *>7K V ^ ^jzfolcl-. 

£ 7^ 4 ^r^^l tcf€- fractional-N ^^Hr ^7l^ f2f -E^l tr ^M^t. 

£ 8a^ li-^ofl 4*} 3*1 B AlnnV-^iBl- ^S7l o) ^^olcf. 

£ 8dtt £ 8a^ ^H^JJ- ^S^7H1 cfltr ^M] #^-iE°lc}-. 

£ 9^r £ 8<^1 £^1=1 ^S7l^ <y^^^s>l- #^^21 011^^4=. S^lt!: 

£ 10a-^r ^"^^ 4xl~3wlB ^S7la) <#7j-sf ^ ^^^^4 l^vA %o)r±. 
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£. lOb^r 4^>-3wlH <£2:7HH PLL^ #^ ^-g-# s.X\^ #o]t±. 

S. ll^r 4^-3^1 H *£^7}2] 5*1 tr 

^1 ^tr ^ -f-71 -f-H(Phase Locked Loop, PLD* <>1 -g-*Rr H^^-N ^ 

*r ^ o]s ^*Kr ^Ei^eflo]^ a. E^sq ^ ^ElwlB^I *1 

zld>-1e}(s-A) ^S7l<Hl ^rtb 

PLL-=r ol-g.^ ^71^ 7l^lJL«- ol-g-^o^ a}-^ ^^ cj ) > 

*1H#*1» °l-g-*M ^€ 7l^s^ all- afloat}. 

PLL^- A}-§-tr ^7H^r integer-N ^4 fractional-N 9X^. 

interger-N #^ ^*r# ^^Rr N^M- aL^*H *r-g-*r^r ^^JI, 

fractional-N N* # ^SJcf^H *i ^ , ^ ^-sfl 

3 integer-N y <^£r -f-H <^^(loop bandwidth)-*}- *fl^ #3(channel spacing) 

4^ 32$(trade-off)°fl^-oil t±<&& fl-z^ W*M7V <^^^ fractional-N ^ 

^ Cfl^^ol ^Jl, *flV| ^711 ^^7^5}°S PLL ^Tfl^l afl^** ^-5}-Al7jcf 
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a1^lp>-^e^ ^S7l^r fractional-N "o^^H N&^- ^^-7]^*!: ^M^iLl- A]^ 

AlZLn>-^E|. ^ S 7l^ 3.7]} ^7 r *] ^(MASH) B^oIji, 

^>M-fe < yEi#eflol^ti.(interpolative) ^^o]4. MASH Bf<^^ £ 14 £0} jl*} 

f^sH 7l] ^?1M ^-( cascade )S <£^S} ^Efl^l7l nfl^-ofl ^ o>^^>J7 
(unconditionally stable) ^^^^ (input range) tfl^* ^}-%-^ ^ ^cf. zl&)i4 

(idle-tone) ^nf. , idle-tone ^-fe- ^^l7l7] ^*IH z)- cfs. 

^1 ^* ^MS^b ^cKdither)* a}-^}^ fl-^A^ &ofl^o] 

°> trcf. £&tr MASH Ef<y^ ^H]a]H5. A]~g-^- ^-f ^S7l^l 31^ 
(pass-band gain levelH ^H^-ofl 3.A. A 

aIzl^-c^hI- ^^7l» Aj-g-*}^ fractional-N ^sK= ^-Aj 7 jo] ^ o. < ^^^^ ^ 
5}" ^ ^ ^ A oV^r^ #*]7}*\}*\B\ *}#%^ o\}^7\ ^7}^}7)^\^o\} A^ofl 

^cf. °l^r MASH EfojcH] Dfl o. ^ ^E]y]HS A}-g-^- ^-fafiJSi £ 

2:71^ -f-^tfi^ ^^l^l MASH B^ofl ^-7H-g-ofl t£<^o} ^cf. 

o]g)$. J^-fr 3LB\*}cq S.LEE 4Ap 1«1H AlZLn>-^Bj. ^2:711- Af-g-*}- 

fractional-N ^7l# ^S^rS!^ S.Lee, M.Yoh, J.Lee and I.Ryu, "A 17mW, 

2.5GHz Fractional-N Frequency synthesizer for CDMA-2000", IEEE. ESSCIRC, pp. 40-43, 
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Sep. 2001). #7l At\ 1«1B Alzic>-^Ef »£2:7l^ wlJH^ sfM'd B°l:n. 
5a*m, ^7}*1 S-^^ol o^cf. ^^fl, MASH B}<y^ ^ $HJ*r*lfe ^l^^-ofl 

*r ^*Kdead band)7> iHStr^-. sfl^r^Sfi #7} 4*> ml 

B Al-LP^E} ^2:7loflA-lfe £ 3ofl £Al5l *}9)- £o] ^ <g ^ ig <fl ^ 50% n> A>-g-^>ZL 
#^&£r N-l, N+13. nfl^§>^ «j-Alo] &o.q. f 1H1B» £*fliLSr ^7} £) 

<£* r 3j- ^•^(quantization noiseH 6dB #7>«>^ ^ A o Vo l i-N-tf^. 
-t*fl, ^"71 ^2:71^ «y=7>>5|- ^-§- ^^(noise transfer function)^: JH^-f-^r 
-ip^ t^ifl^t-fl, o] E ^ello]BlW E^S} ^271 o] ^-f ^l^>7l ^ 

-f-^r^ efl^Cpass band gain levelH tr« °1*>S. ^sH^t *Vcf . 

^av^o.s tHE^^(Butterworth) ^-g-SjH ^rfl^ ol^-efl^ 2^*Kr 

HI #^11 <#7}3)- #^ ^^*>7fl -H-^l S] 71 nfl^-ofl ^3zfcfl« ol^efl^o] tMm^r 

^4^^ £ 4^ ^-01 trade-off ^1h& iL<?]^. ^, 3^1 ^^7} 

f s » ^ ^Sr^B}i ^ ^-f , ^V^^ol ^s]^ 1«1H ^7} 2] ^cfl ^s)- 
0.06*f s 7f £t}. .£ 5a ^ 5bfe 4^ ^sHr°ll tfltr #7l 4* r 1^1 B ^7)2] 
5r ^"-5- ^ ^Hd*r ^ ^71 #^-g- HAl^_V 5}o]4. ^ 550] a]-aJ w-g-( 6 o)^ 

PLL^l #<a-^H ^#71 (Voltage Control led Osci 1 lator , VCO)^ tfl^ «> Jfl# *]-,g- 
(out-of-band phase noise)^: M-Er^H^r. ^Hl if^^ , ^27l^ ^-s}-^ 
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-M, 33*83 Aj-g-&ol 4*} ^S7]S.^ idle-tone-g-^7} #^3. £ 6^ 

3"3 ^2:713 #3 20007flofl cfl^- 33 -^(autocorrelation) ^333. ^3^ «H 
3 = ^, 333^ ^37> ^ ^ ^-8: ^>¥3¥ 3-8: ^ SI3. 

333, 33 tb 33 -S-331:-8: ¥ 3^3-13 ^33 3» 

3-8-3-3 i£3 ^-333 ^.2.3-3. 

[^3 3^3 3¥ 3^3 331 

1^3 3^33^ 3^3 33 ¥ 3<t -f-^fl 3^3131- 3^3-3^ 

3 3# 3H3 «1 «fl 3=313 ^^V^l 3tb ¥33 &33¥ <y3€333^- 3SJ3 4 
¥3 3¥# #:n ^33ss 3¥33 3^3- c I3 ^33 31- 3-8-3 tract ional-N 
¥3¥ f^7)f 3^3¥3 
1^3 ¥3 ^ 3-8-1 

3-3 3#3 331- 3 ¥3 3 3, 3:33 3^ ^33^-N ¥3¥ 3"33¥ 3$ 
3Jl3 3 = 33^r 3^3 33- 31- 3-33-^r 33- 3-33; #7] 33" 33333 33 
€ 33 3 ^3^3.33 €3^ ¥3¥3 4!J>* t?!^ 3°J- 33 ^33; 

^ 333 33» ^3 333^3 33 333^, 333 3-8-33 

3-3 33 ^333 #33¥ 3^3 ¥3¥» ^-¥33 3-3 33 3-333 3- 
3 3 = 3 H&s. #33¥ 3333; ^ ^3 3¥33 3^-33^ ^3 33 

-it, 333 3M- ¥33¥ 33* <233 ¥*333 , 3# ¥33 ^} 333 3 
¥ Jills 33333 33 333^^ €3r3-fe- 3^-3-^3 ^271 # 3. ^-3. 
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#7} 7}*£*\ ^l^-7l^tb, A]ZL^>-^E| ^3,7}^ ^ = ^ 

&4 t\f>}jl_, D^Al ^f^Hr 4A>?r*l <3^}3 O.S. ^*Rr 

Si-iM^I ^7) S-tK^ 3* <EHH ^ ^E^ulHS. <#7}s}-*Rr °^>S|-7l; 

^ #7} ^t^hh <yv*}sj-3 4=hm tfl-8-*H £3€ ^ 31^r« #7] 

£ 7£- -g- ^^1 i4€- fractional-N ^^Hr ^7]^ f2f 5*1 ^ojcf. .£X| 
€ fractional-N ^r^Hr ^sM^r sfecfl , o] sjctfj ^-^Hr ^ 

71^ #^ f out * ^Ht^H 3^ *11<H ^12. f d « #^trtf. #3*!:^ £^ ^ti> 
(divider, 13)5* ^v 7 j r^o] c) ( 13 )<£) ^-^-g. *lH*Kr a]:iti>-^e]. ig^KuW 

(14HH #^5l^ ^^ofl tcj-Bl- ^1^51^ ^ °l-g-^H f out ^- ^tr4. ^"71 A] 
^>-W ^S7l(14)S^ ^^1 Sltr ^» HElHlH^l aIzl 

p>-^El- ^2:7l7> 3^*raL, ^HHH^ 4*} 3«lH5l ^2:7l# -g^^S. ^ . 
^71 ^A o V ^ f d ^ o^Aj- ^l7l(10)S 7l§ A]Jr f ref <4 Hl^^Cl-. <?}Aj- 

#*|7l(10)4H*r #71 ^ Aj^r f d <^ f ref ^ ^Aj-^ofl W] Bjl 3)^*1 #3 ^<H*JJl7> 

#^slJL, 6] ^H^lJl^ ^^*3|.^e1(LPF, 11)* *4tr VC0(12H1 ^l^Jii <g 
VC0(12)^ Ai^ofl 1451- #3 foufi- #^tri=r. 
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£ 8a^ <$7] 4*> 3«1H ^2:71^ ^£olt}. s.X\Q «>ofl ^ 4*> 3«1 H £S7l 
tr *U*> £^#(80) , ^12^ ^H^(81), ^13^> <2^H^(82), *H4*V <£^H^(83), 
3*lB °^>2}-7l (84) g ^^7l(85)# ^l^al, zj- <£^K^£- 3) = ^ 7^ ^ 

^71(801), 7>^>7l (802) , ^^71(803) 3.*\5L ^l^ ^(dynamic scaling 

coefficient) ^71 (804)1- ^wltb^. #7] ¥^71(803)^ 7K+ ^^(^ £A] ) 2]- 

£t afll*> <S*M^(80H1 cflsflA^ ^^s>7lS. t_Vcf. 5qc«J] Til^ §^7l 

*>M-# ^^JI, n 7H^#-§- 7K1 71(802)5. J±\£4. 7^71(802)^ 

^ ^^^34 ^Ufl ifloflAi <y^5l^ ^flcH^-i- 7R>*>4. -,^71(803)^ 7K> 

71 (802)611*1 #^£]tt #3 7\}^ #^71(804)^ ^€ #<*|| 

^ ^1°^ Tfl^l- ^?Vtf. °1 ^ *V £.3. ^14^]- <a^cj-(83)^l 7KV-4 if^ol 
ol^^i tf-g-, 3w]e °Jx}&7](84)<$ 4 ^ ^AV^c4-( 83) o) ^^^ol 8^ms- 

*}sHeH4. °^>^-€ St^r #7l cl«Hcl(13)S. #SJsq<H N-3«H1 N+4^1fil 87fl2] 
^ -id^Hr -id^JL-S. ° c } : 7>Sl-7l(84)7> 2«1B 4^]^^, A 

«Hcl(13)^ 4 5E^r 167H^ ( ^ 2"7fl^ ^>M-» -5d«l*Ml 

^>5)-^ *)H^3E. ^|^7K85)S ^^3£}J1, *)H*1JL ^^7l(85)fe 

^ <?!^<EH1 ^1^ *1H^1J:» A 7 A A ^-iHr^ HlJELtifl Til^ §^7l 

(801)5 
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^Tll^tq-. ^, #^efl^ol 87flS ^7HH £ g<4 ^-o] N -3 ~ N+4S . nfl^^Tll si 
—S. °g^^r #*1] °J^^ 1/8^ A>-g-sflH N, N+l^fl^ol 7>^>cf. SE^b, 0 <M-s|- # 
# *Hl7> #^*7l nfl^-ofl C]^- ^ ^ 3«1H °<M-5Rir l«lS °<J= 

7>sHl ul^fl <#7.}3[ #&o] 1/8S. #<H#7fl ^Cf. £ lOafe ^3 4^V-3wlH ^^7] 

^r^H^ -f Hfl o)^ ^ 7 >t!: # ^ satf. £ lObrr £ 4^-3*1 H ^S7l 

^l^i PLL^ #^ s.x\^ ^o]cf. £ 5b o} 3 6.ofl a>^(60) i?H ^^1 

SM^H ^fl^l ^(out-of-band phase noiseH 7fl^i^ 3# ^ 

£tb 4*>-3«lm ^^7l^ -f^^r idle-tone JHd* ^l^t-fl, £ Hofl 

ilS, 2000711 #^ ^*^r 7>7l^-^# ^3)-ol4. £ 6^ wlSfl #^ ifjifl 

71- 1/10^£7> <£ ^ ol^ 

£ 8a^l ^S7l» slH^S ^-^^c^ -E s)^ ^Jo) 

4 ^ 3t| = Bfl 7)1^ 71(801)5+ ^3 71)^ -g-^71 (804)l-ol tf. ^^6.3. 

^1°^ 711^1-^ 25] 7>^^EflS. ^^7>^^7l nfl^-ofl ^SB(shift) <S*L<L3. 

^■^7l# ^ fll}. ZL&1U). 31 ^.«Jj 7)1 >gzj-^ *>=^H^ ^7># 7>^# ^ 

Stinf. n+e}^ §^7l» A>-g-^l?Jrj7 ^ctf) 7H^#-g: ^£¥|^ ^*Hr 
^3 # *8 3)S nlel 711 ^^-i- *|## nflnl-tq- sfl^ 7«^#-£ 

*fl^ 7>^V7l (802)5. #^*>^ a 0 >Ai^ ^z^-tfl^- ^ ojcj. ^e^uf 3t3lH 
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#3^ 87fl^ 7)1^^ ^^sflo^l nfl-g-ofl 3. ja^o] ^cf. c^u)- ^ = 

327fl^ Tll^&t-g- ^sfl^K^ l-o] ^^>ji, ^14^ Tji^o]] 20W1B3 efl^^Eil- A}-g- 

<37> Cf-g- Stt ^-^711- TJflifJ; ^^n>O.S. ^^^l^rfl 3«1 H (84) ^ 

<38> 1] 
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7Br*V 2^ ^ 220c] 8 7fl^ Til^l- ^a)ch1 ^l*Rr A HlH^ 

8*1 S^slH-S 2 8 ^ 7Hr^V S^-o] 014 ^. ^ofl^i- 4 ^AV^oflA^ ^^«flo): 

87fl^ ^£L«W 7il^## ^-71 tilH ^fS] 3^il5L -f^Hl SA]^ tiJ-Al o. ^E^} 

31 4 s At W\A ^-jt. ol^ ^! tfl^j ^4^1-3)., 7^ 50^ 711 

t 8?>*1^ tflH^oj 711^ 4°))*\ At 1^1^ HV^S)^ *fl 5 ifl*] ^20Hl--O 

^^^-i: ^ neflo] ia .EL (Gray code) a]^*- ^aJH A 
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2 4 °1 ^cf. 

2] «fl^ -H^H i-M*l y Jr^^H-^r 3«U§. ^>^7l (84)^1 #^^.5.-^ 

3 #71 125] 4 ZL#ofl cfltb tiV^^o] LtE^JE.^ ^H^H- >S#*H *fl# 7># 
7l(802)ofl 33 ^Efl7> ^cf. 

#7] ajr^zLf-t- #^^ ( ^^7>^t!: *)H#3lTr %■ 167^]^ zl # 87fl #3: 
^ M-^^l 87fl #jl^1 ^Efloic S; *]H#jr ^8#7l(85)fe 3*lH °<J=;43-7K84W 

^ 3H cflolElS. £^ ^ 87)1 Si ^HAilf ^cf^ Sj-S-SIM 

^ ^HHH^r 3H1H ^7l-^-7l# AV-g-*>O^O.o S ^olAl^7> 87fl7> ^ 

ja.^1^, 2H1H <$x}&7]4\ 3 27fl, 4W1H ^>^-7l<a 128711 9\ *|H# 

17} ^J^Ml 

£ 8b^ ^^1 *lM#JE. ^#71(85)^1 tfltb #41 M-£°ltK £ ^1^ «H1 «|.s^ ( 
*«<H#3l ^^71(85)^ neflol ^cl(850), 4^ ^H^ll ^(851) zle|JL 4t 
21 «Jr^i^^(852)^- ^Hl*V4. 

ziEflol sc-l(850)^ 3«1H ^1-^-71(84)^1^ #^-g- =LZ])o] sjel x^o]^S. 
JL, *1H^Jl ^ -8-^(851)^, <« *<H, AND TflolHSl- ^ zj-^ fcE|<3# ^#J15. 

#71 ZLeflol ac 7 > «gS|£|^, ^ #71 a 2ofl M-EfV} H>£]- ^ ^ 

21 ^-¥-» t^l-JI, ^^r£K852)-g: *«fl i-M*l #^ W. ^1^ z>ol 

*1H#Jl ^#71(85)^- 3«1H °J=7>^-7l (84)21 3*1 H #§1 °-^Ei 87fla) ^H#5l# 
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t^ofl 4= ^, ^S7l» <£E}HlH ^S7lS. ^^f^^ iy]B ^2:7] 

1/8^- A}-g-sflJE N, N+l 7>^>Cf. ^H)tilH ^S7l^ ^--g-o] §<^s. 
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7)^*l3L2\- *)!E.*HS\±r ^IJl^ 3# *>» ^l*>fe fl# #*l7]; 

#7l ifl# #X}7)<>\}*\ ^# Sl*Hr T^Hr^ Ajjr 

*H #7l ^<a- *H t^HH ^4^^ #7l ^# ^]7l 

l^tt 2] 

4^ 5^*s> <M3i>.3L ^q8*Kr £#4^; 

#71 cIhHdH ^-71 ^d^AlSS #^*Rr °^7}s\-7}; ^ 

#7l <&z\&7M^ <8*}a*€ 4^r^ iJllHH tfl-g-^H ^*<m zi- ^ = ^ Tfl^l- # 

71 2} = ^ #71 A ^#^^1 ^7l» ^Hj^g- S.^ O.S.«|-fe 
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3] 

3fe 3Hr 3# ^-S-SSHf- = *i*^-N ^sK* ^71. 

^*Hr3l °l^3M- ^^tt 3# 

5] 

^14%H1 SM^, ^-71 ^7^ 
^3 oil ^^TT ^ 7fl^2] ^)<H^lit #3*Kr *fl<H4L£. ^^7]# Ci ^ti] 

6] 
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7] 

71. 

8] 

o^^o] ^ ^.cHlAi f^S} o^^- <y=^7l; ^ 

9] 

#71 ^>^-7HlAi efl^H efl^-i: f^o S f^o s tfl^l 

3tt ^TT ^J* ^j^S.*^ Al-Ln>-c^ £2:71. 

[^^■* 10] 

^19%H1 ^7) 5E)£.^ 7)1^ 

*}^0] S ZjL^^C-il ^^>£^ °l*l#-g- ^ HlEAE^O^ ^S)^ ^j-fr 

^^SL£.*}±r A]ZLD>-^El- £27l . 
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[3^* HI 

*)110%M1 5^1, -*7l ^^71^ 

%i JHH1 4^ ^ 7fl^S] ^il^^it #^Rr ^H^l^ ^^7l» d1 ^«1 

t# Alzin>-^El- ^S7l. 

12] 

*flll%Ml 5^^, #71 *)HAjJr ^#7^ 

#71 ZLZ]]o] s = ^^o.^.*H #71 ^lol^lSlr^r #^*Hr *Hr3 *)Ha]Jt «v 
13] 

*1U1^ SE^r ^1112* 0 H1 5U<>H, #71 ^7^ 

#71 ^H^Jl ^#7HlA^| ^HAlJr^tL^ #7l HlEAE^f c£X). 

^r&SLS. ^ #^*KE4 "11 1^ ^^5]^ ?ASr ^SLS.*}^ #2,7) . 
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